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The invasive and predatory harlequin lady beetle, Harmonia axyridis, has been introduced as
a biological control agent to many agricultural areas worldwide and has now spread from
agricultural to natural habitats where it threatens native arthropod biodiversity. The aim of
this study was to determine how H. axyridis uses the local landscape during different times of
the year in the Western Cape Province, South Africa. We also determined its association
to native arthropod diversity. Harmonia axyridis adults and larvae, as well as arthropod
herbivores, predators and other ladybeetles were sampled every second month for a year
with a vacuum sampler in vineyards, natural habitats, edges between natural habitats and
vineyards, and urban areas. Highest adult and larval H. axyridis abundance occurred in
urban areas during all sampling periods, with a peak in May and July (winter). Vineyards
and natural vegetation had very low abundances of H. axyridis. Harmonia axyridis had some,
but limited effect on the local arthropod community abundance. There was also a negative
relationship between H. axyridis and the overall arthropod community as well as a positive
relationship between H. axyridis abundance and that of other ladybeetles. Harmonia axyridis
appeared to influence the assemblage composition of other ladybeetles and herbivores.
Overall, the native arthropod assemblage responded primarily to season and habitat and
secondary to the presence of H. axyridis. Harmonia axyridis has a strong association with the
urban environment, seemingly in association with the exotic aphid Tuberculatus annulatus
that feeds on cultivated oak trees. Outside of the urban area, H. axyridis numbers were very
low and its ecological impacts may be negligible.
Key words: agriculture, beetle, biodiversity, Cape Floristic Region, exotic, harlequin
ladybeetle, Harmonia axyridis, land transformation, urban, vineyard.
INTRODUCTION
Alien invasive species are regarded as a threat to
invaded environments if they have the ability to
alter and threaten native biodiversity (Raghubashi
et al. 2005; Sujay et al. 2010). Some have been intro-
duced as biological control agents, but have estab-
lished beyond these introduction points, and have
invaded natural systems (Roy et al. 2011a). This
has been compounded by globalisation and the
trafficking of goods and people around the world
(Meyerson & Mooney 2007; Hulme 2009). The
harlequin ladybeetle, Harmonia axyridis, originally
from Asia (Koch 2003), now has a global distribu-
tion aided by international trade (Brown et al.
2008a) and its use as a biological control agent
against agricultural pests (Brown et al. 2011). It has
now spread into many natural habitats in its
invaded range (Brown et al. 2008b).
The most problematic alien invasive predators
are usually long lived, aggressive generalists that
undergo rapid population growth and have high
dispersal potential (Sujay et al. 2010). Harmonia
axyridis has a high fecundity and rapidly increases
its population size in newly colonised areas facili-
tated by its high mobility (Labrie et al. 2006). As one
of the biggest threats to biodiversity (Roy et al.
2012), invasive species have the ability to trans-
form the structure and composition of local eco-
systems through the displacement of native species
directly or indirectly, either by competition for
resources or by changing ecosystem function
(Sujay et al. 2010). Harmonia axyridis outcompetes
native species for food resources and is a voracious
predator which may displace or even eliminate
native taxa (Elliott et al. 1996; Pejchar & Mooney
2009; Katsanis et al. 2013).
Generalist predators like H. axyridis feed on a
large variety of prey insects besides aphids
(Cottrell & Yeargan 1998; Snyder & Evans 2006;
Evans 2009), making them prime candidates as bi-
ological control agents in agricultural areas
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they are considered to be a beneficial species and
are used globally to increase crop production
(Obrycki & Kring 1998; Roy et al. 2011b). Like many
other invasive predators, H. axyridis has a long his-
torical use in biological control (Obrycki & Kring
1998; Snyder & Evans 2006). However, there are
many reports of declines in native species after the
introduction of H. axyridis (Colunga-Garcia & Gage
1998). Their presence could lead to the disruption
of local ecosystems through competition for re-
sources or intraguild predation (Kindlmann et al.
2011). For example, H. axyridis feeds on a variety of
pest species and many other non-target species
which can lead to competition with other preda-
tors for food (Alhmedi et al. 2010). In addition, H.
axyridis has the ability to survive in different habi-
tats and under different climatic conditions
(Majerus 2006; Soares et al. 2008). Local migration
in coccinellids is usually dictated by food availabil-
ity which underlies the high levels of dispersal of
H. axyridis (Bianchi & van der Werf 2004; Sloggett
et al. 2008). Aphid density is one of the most impor-
tant factors determining population density and
migration of coccinellids as these prey items in-
creases their chances of survival, reproduction and
larval development (Honek 1982; Yasuda &
Ishikawa 1999; Hemptinne et al. 2000; Sloggett &
Majerus 2000).
Many factors other than food availability may
also influence the dispersal of the species across
landscape features (e.g. microclimate and season)
(Iperti 1999). During cold conditions, H. axyridis
migrates to overwintering sites where they aggre-
gate in warmer microclimates, hibernating in
cracks and crevices in rocks, concrete buildings,
caves and leaf litter in its natural range in Asia
(Sakurai et al. 1993), while is restricted to buildings
in Quebec, Canada (Labrie et al. 2008). In the
northern hemisphere spring and summer, both
adult and larvae of H. axyridis prey on aphids, but
when winter approaches they migrate from feed-
ing sites, often in agricultural areas to overwinter-
ing sites (Riddick et al. 2000). Therefore, coccinel-
lids may use different landscape features for dif-
ferent reasons, such as feeding, reproduction and
overwintering (Woltz & Landis 2014).
In the Mediterranean, H. axyridis was intention-
ally introduced into agricultural areas of Greece
and Egypt (c. 1997) for biological control purposes
(Ferran et al. 2000; Burgio et al. 2005). In South
Africa, H. axyridis was first recorded in 2006 in the
agricultural area of Tygerhoek Experimental farm,
Riviersonderend, Western Cape Province (Stals &
Prinsloo 2007). It has now been recorded in agri-
cultural and urban areas in six biomes and in
all provinces of South Africa (Stals 2010). It is
assumed to have arrived and established in South
Africa before, but how the species was intro-
duced remains unknown. The species might have
arrived through the importation of goods into the
country (Stals 2010), particularly as there are no
records of intentional H. axyridis introduction into
South Africa (Nedved et al. 2011).
In other areas of the world there had been a
differential repose of H. axyridis to local landscape
heterogeneity, with some areas experiencing a
great disruption of ecological process and others
having only minor levels of invasion into natural
areas (Honek et al. 2014; Roy et al. 2016). In particular,
it seems that H. axyridis is of major concern
for aphidophagous species, particularly other
coccinelids (see Bahlai et al. 2014; Colunga-Garcia
& Gage 1998; Evans 2004; Harmon et al. 2007; Roy
et al. 2012). The impact of the harlequin ladybeetle
on native arthropods in South Africa remains
unknown.
In this study, we aim to determine how H. axyridis
uses the local landscape mosaic of the Western
Cape Province seasonally. We also aim to under-
stand if H. axyridis impacts the native arthropod
fauna. From northern hemisphere literature we
would expect to find that H. axyridis uses different
landscape features for different reasons at different
times of year due to prevailing environmental
conditions. Furthermore, this will allow us to
understand if there are differential impacts on
local fauna across different habitats or seasons. We
are also specifically looking to observe the H. axyridis
occurrence and impact in the Western Cape, in
light of the fact that South African winters are less
extreme than those of the northern hemisphere.
These results are important as they will allow us to
understand local habitat preferences of H. axyridis
and its potential impact on native ecosystems.
METHODS
Study area and site selection
The study was conducted in and around the
town of Stellenbosch (33°55’12”S 18°51’36”E),
Paardeberg Mountains (33°35’46.74”S 18°51’07.13”E)
and Grabouw (34°09’S 19°01’E) (Fig. 1). These are
largely agricultural areas that each consist of three
landscape elements (agricultural, natural and urban
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areas), with vineyards being the predominant
agriculture crop. These districts are situated in the
Cape Floristic Region (CFR), Western Cape, South
Africa (Fairbanks et al. 2004). The study area is
dominated by fynbos vegetation and some
renosterveld vegetation (Rebelo et al. 2006), the
latter occurring on richer fine-grained soils (Gold-
blatt & Manning 2002). Only fynbos vegetation
was sampled in this study.
A total of 40 sites were established for this study,
with 10 replicated sites established in each of the
three landscape features (vineyards, urban areas
and natural fynbos), as well as on the boundaries
between the vineyards and natural vegetation
(edge habitats). Sites on the edge habitats were
included as these are often regarded as highly
disturbed areas that host invasive species. Edge
sites were located in the natural vegetation border
5 m from the vineyards border. Vineyard sites
were located 30 m from the edge and natural sites
were located more than 30 m from the natural
edge to minimise possible edge effects (Murcia
1995; Ewers & Didham 2008). Urban sites were
selected only within the town of Stellenbosch, as
this represented the dominant urban area within
the study area, and were restricted to vegetation
situated under oak trees (the dominant tree in the
town). The plants sampled were mainly grass,
weeds, herbs, flowers and young shrubs. Sampling
these vegetation elements allowed for sampling of
active beetles only as aggregates of overwintering
adults (if they overwinter in this area) would
mostly be associated with more sturdy natural and
man-made structures (Purse et al. 2015). Sampling
was conducted every second month from July
2013 to May 2014, with the actual sampling done in
the first week of each month during sunny and
windless days. Thus, in total there were 240
sampling events.
Sampling technique and arthropod curation
All 40 sites were sampled using a modified
narrow-hosed vacuum, STIHL SH 86 (STIHL,
Germany; Leather 2005). A bag made of fine net-
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Fig. 1.Study map, showing the sites used in this study, the dark grey blocks represent urban areas.N = natural fynbos
sites (grey circle), V = vineyard sites (open circle), E = edge sites between the fynbos and vineyard (open square), and
U = urban sites (black triangle).
ting was attached to the end of the tube and was
used to trap and collect insects from understorey
vegetation types such as short grass, shrubs and
small trees (Leather 2005).
Each site was sampled for a period of 10 min,
with the plant layer being sampled from the
ground to about 1.5 m high. In vineyards, both
vines and the cover crops (mostly a mix of annual
herbaceous plants and some cereal crops) were
sampled. Samples were placed in plastic bags,
frozen and specimens sorted into morphospecies,
and identified to family level. Only specimens
between 0.5 and 10 mm were included, as this is
the reasonable range of prey for H. axyridis. All
morphospecies were placed into one of the follow-
ing functional groups: adult harlequin ladybeetles,
larval harlequin ladybeetles, other ladybeetles,
predators and herbivores. All specimens are
housed in the Stellenbosch University Entomol-
ogy Museum collection.
Environmental variables for each of the sites
were recorded to investigate their influence on
the distribution of H. axyridis, overall arthropod
community, other ladybeetles, predators and
herbivores. Temperature (maximum and mini-
mum) and rainfall data were obtained from
Stellenbosch University’s Sonbesie and Reënmeter
permanent weather stations, Stellenbosch. The
5-day average maximum and minimum tempera-
tures, as well as total rainfall for five days prior to
each sampling event were used as explanatory
environmental variables in statistical analyses.
Data analyses
Generalised linear lixed models (GLMMs) were
calculated in R using the lme4 package (Bates
2005), to compare the abundance of both adult and
larval H. axyridis with landscape types, monthly
sampling events (TempMax; the average daily
maximum temperature five days prior to sampling),
(TempMin; the average daily minimum tempera-
ture five days prior to sampling) and rainfall (daily
average five days prior to sampling) as fixed
factors with data fitted to a Poisson distribution
and c²- and P-values were calculated (Bolker et al.
2009; O’Hara 2009; Zuur et al. 2010). Further
GLMMs were used to determine the relationship
between the abundance of the invasive harlequin
ladybeetle and other ladybeetle species, predators
and herbivores. These models also included the
fixed effects of habitat, sampling month, TempMax,
TempMin and rainfall. Location of site was used as
a random variable (sites within 400 m of each other
were grouped together (Fig. 1). These models
were tested for overdispersion and when models
were overdispersed, the site was nested in locality
to reduce the influence of unexplained variance.
The multcomp package in R was used to perform
Tukey post hoc tests on significant factors (Hothorn
et al. 2008).
Canonical correspondence analysis (CCA) was
used to investigate how the abundance of the
harlequin beetle and the environmental variables
of sampling month, landscape element, tempera-
ture and rainfall could explain the composition of
native species groups (the overall assemblage,
other ladybeetles, predators and herbivores) (ter
Braak &milauer 2012). These models were forward
selected to reduce the influence of colinear variables.
RESULTS
Overall 791 H. axyridis individuals were cap-
tured (675 adults and 116 larvae). Furthermore,
17 486 other arthropod individuals were captured
comprising 519 morphospecies (estimated species
richness of Chao2 = 676.01 (± 34.38); Jackknife2 =
760.94). Of these, 604 individuals were other
ladybeetles from seven morphospecies (Chao2 =
7; Jackknife2 = 7), 9134 individuals were herbi-
vores representing 337 morphospecies (Chao2 =
435.42 (± 26.18); Jackknife2 = 493.36) and 7 748
individuals were predators from 175 morpho-
species (Chao2 = 234.67 (± 22.97); Jackknife2 =
260.59).
Response of Harmonia axyridis to the
landscape elements, seasonality and local
environmental variables
Significantly more adult and larval H. axyridis
were collected in urban areas over the entire
sampling period (Fig. 2), with larval H. axyridis
solely collected at urban sites (Fig. 2). Natural sites
had significantly more adult H. axyridis than edge
sites, while vineyards contained very low abun-
dance (Fig. 2). Seasonally, H. axyridis adult abun-
dance was highest during July (mid-winter) than
during any other sampling period (Fig. 2). Larval
numbers were significantly higher during May
(late autumn) and July (mid-winter) and very low
during other months (Fig. 2). When seasonal
abundance of adult H. axyridis was compared to
habitat sampled, we found that they were consis-
tently abundant in urban areas year-round (Fig. 3).
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However, during November (early summer) to
May (late autumn), the proportion of adults col-
lected from other habitats increased, particularly
in the natural and edge habitats (Fig. 3).
The response of local arthropod diversity to
Harmonia axyridis abundance
The abundance of the harlequin ladybeetle was
significantly negatively correlated to abundance
of the local arthropods sampled here (Table 1).
However, when tested against each group individ-
ually, the abundance of the harlequin ladybeetle
showed a significantly positive correlation with
other ladybeetle species abundance. There was a
significant difference in arthropod richness and
abundance between months for all groups except
for overall and other ladybeetle species richness
(Table 2). Habitat sampled was a significant factor
for the species richness and abundance of all
groups tested, except the abundance of predators
(Table 2). Maximum temperature had a significant
influence on overall arthropod abundance, as well
as other ladybeetle abundance and richness, while
minimum temperature significantly influenced
the species richness and abundance of all tested
groups except for the species richness of the over-
all group and herbivores (Table 2).
Canonical correspondence analyses (CCA) indi-
cated that overall arthropod assemblage composi-
tion changed significantly in response to all
environmental variables, habitats and sampling
months (Table 3, Fig. 4). Adult harlequin beetle
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Fig. 2. Mean abundance (± 1 S.E.) of adult Harmonia axyridis collected per habitat type (A) and month sampled (B)
and larval H. axyridis collected per habitat type (C) and month sampled (D). Different letters above bars represent
significantly different means (5 % level).
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Fig. 3. Mean abundance (± 1 S.E.) of adult Harmonia axyridis per habitat type for each month sampled. Numbers
above bars represent the percentage (%) of total Harmonia axyridis individuals collected in each habitat for that
particular sampling period.
abundance had a significant influence on overall
species composition and on all of the groups
sampled here except herbivores. Larval H. axyridis
abundance had no influence on any assemblage
(Table 3, Fig. 4). Predator and herbivore assem-
blages were significantly influenced by sampling
month, habitat sampled, as well as temperature
and rainfall (Table 3).
DISCUSSION
Seasonal distribution of Harmonia axyridis
across different habitats
Harmonia axyridis was distributed across the
entire landscape in this region, yet urban areas
seemed to be the preferred habitat for this
species in this landscape and was the only habitat
supporting larvae. The high abundance in the
urban environment is likely linked to the planted
oak trees in the urban area, which suffer from
mass outbreaks of the exotic aphid Tuberculatus
annulatus (Hartig, 1841) in autumn and early
winter every year (Giliomee, pers. comm.) just
prior to leaf abscission. Yasuda & Ishikawa (1999)
showed that high numbers of aphids trigged re-
productive behaviour of H. axyridis in urban sites.
From personal observations we can confirm that
these mass aphid populations coincided with the
period when the H. axyridis larvae were present
(May–July). Larvae were only found in urban
areas, suggesting that urban areas are very impor-
tant for H. axyridis reproduction in terms of larval
diet (Aragwala & Bardhanroy 1999). Purse et al.
(2015) also showed that H. axyridis occupied urban
areas more than other landscape features, due to
buildings used as good hibernation sites and an
abundance of tree species that provided foraging
sites.
Urban sites had highest abundances of H. axyridis
when compared to the other habitats (edge, natural
and vineyards). This is in contrast to other Western
Cape studies where the agricultural patches
supported more H. axyridis than the surrounding
areas, with H. axyridis dominating apple orchards
in West Virginia (Brown & Miller 1998) and soy-
beans in Michigan (Woltz et al. 2012), and is likely
due to there being fewer aphid pests in vineyards
(Nault & Kennedy 2003). Interestingly, November
and May were the only months when H. axyridis
was collected in large numbers outside urban
areas. This is the time of year when cover crops
(often cereal crops) are present in vineyards
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Table 2.Results of generalised linear mixed model (GLMMs) with Poisson distribution was used to calculate a Wald c2
value to determine if the harlequin ladybeetle, months of the year, habitat, 5-day mean minimum and maximum
temperature and rainfall affect the abundance and species richness of other ladybeetle abundance (OLA), other
ladybeetle richness (OLR), predators (pred), herbivores (herb) and the overall species (SppA and SppR). A = abun-
dance, R = richness, HB = harlequin beetle. Locality was used as the random effect in the models.
Variables SppA SppR OLA OLR predA predR herbA herbR
HB 6.93** 3.06 17.83*** 2.87 1.56 1.70 0.86 0.52
Month 12.65*** 0.56 9.45*** 1.78 62.36*** 15.74*** 54.2*** 21.85***
Habitat 6.59* 270.36*** 86.71*** 8.39* 4.09 128.61*** 7.87* 157.27***
TempMax 6.19* 3.00 18.65*** 7.30** 0.76 0.03 1.64 3.54
TempMin 9.56*** 0.89 18.67*** 12.48*** 23.53*** 17.89*** 32.98*** 1.84
Rain 0.25 0.56 1.26 0.98 1.78 1.14 1.25 2.01
*<0.05, **<0.01, ***<0.001.
Table 1. Results of generalised linear model mixed
(GLMM) analyses with Poisson distribution and log-link
function to investigate the relationship between the
abundance of Harmonia axyridis (adults and larvae)
and the environmental variables; habitat type (habitat),
sampling period (month), maximum temperature (Temp-
Max), minimum temperature (TempMin) and rainfall
(rain). The sampling locality was used as a random
variable.
Variables d.f. Wald c2 P-value
Adult abundance
TempMax 1 2.22 0.136
TempMin 1 0.03 0.943
Rain 1 0.02 0.991
Habitat 3 8.91 0.012
Month 5 20.04 >0.001
Larval abundance
TempMax 1 0.23 0.856
TempMin 1 7.50 >0.001
Rain 1 0.15 0.956
Habitat 2 0.35 0.863
Month 5 0.26 0.763
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(Fourie et al. 2001), although studies are needed in
these systems to qualify this.
Edge and natural vegetation adjacent to vine-
yards also showed low abundances of H. axyridis.
This may be due to the scrubby nature of the
native vegetation, which H. axyridis is not natu-
rally associated with and is not adapted to such
environments. Thomson & Hoffman (2009) in
Australia recorded a high abundance of coccinel-
lids on vineyard edges adjacent to wooded vege-
tation. Ultimately, H. axyridis presence or absence
is determined by food availability (Roy et al.
2016), with Elliott et al. (2002) showing that the
abundance of coccinellids in crop fields increased
with increased abundance of aphids. The high
abundance of active adults on the herbaceous
plants sampled during winter (July) indicates
that these beetles may be actively foraging
throughout much of the year, at least in the urban
areas.
The relationship between the abundance of
Harmonia axyridis and local arthropod fauna
Harmonia axyridis adults had a significant effect
on the abundance and composition of the whole
arthropod assemblage including other ladybeetles.
Therefore, H. axyridis has an effect on the composi-
tion of overall arthropods assemblages in all areas
where they occur as seen in other agricultural and
natural areas systems (Mizell 2007). Yet, these
assemblages are responding primarily to the habi-
tat type and time of year and the presence of
H. axyridis is a secondary effect.
The positive association of H. axyridis with other
ladybeetles suggest that they were both respond-
ing to the same environmental variables and
resources. This contrasts with the findings of
Brown et al. (2011) and Michaud (2002), both of
whom showed that after the establishment of
H. axyridis, native coccinellids that were previously
dominant in that area were reduced in abundance.
Alyokhin & Sewell (2004) on the other hand
showed that the establishment of H. axyridis and
other invasive coccinellids cause an initial decline
in the abundance of native coccinellids, but num-
bers recovered at a later stage. Here H. axyridis
abundance had a significant effect on the local
predator assemblage and ladybeetles, which is not
Table 3.Summary of results of forward selection canonical correspondence analyses (CCA), used to test the compo-
sition of overall arthropod numbers, non-Harmonia ladybeetles (nHb), predators and herbivores in relation to environ-
mental variables: months, habitat, maximum and minimum temperature, rainfall and the invasive Harlequin beetle.
P-values represent the false discovery rate corrections and variables that do not improve the model are represented
by dashes (–).
All species nHb Predators Herbivores
Variables Pseudo-F P-value Pseudo-F P-value Pseudo-F P-value Pseudo-F P-value
Sampling time
July 2.5 0.004 1.0 0.565 2.5 0.004 2.4 0.005
September – – 2.4 0.067 0.9 0.627 1.2 0.057
November 1.7 0.003 1.0 0.565 0.9 0.627 – –
January 1.2 0.019 4.9 0.007 1.4 0.016 1.8 0.003
March 1.6 0.003 1.7 0.256 1.6 0.004 1.7 0.004
May 1.7 0.003 3.9 0.006 1.8 0.004 1.4 0.003
Habitats
Vineyard 2.7 0.005 2.5 0.065 2.9 0.007 2.3 0.006
Edge 1.4 0.003 2.5 0.068 1.4 0.016 1.2 0.008
Natural 1.4 0.003 12.0 0.007 1.4 0.011 1.2 0.006
Urban 2.7 0.006 11.4 0.006 2.6 0.007 2.4 0.006
Environment
TempMax 2.9 0.006 0.9 0.055 2.6 0.007 2.8 0.007
TempMin 1.3 0.007 0.4 0.882 1.0 0.588 1.5 0.003
Rainfall 1.5 0.005 1.2 0.381 1.5 0.01 1.4 0.006
Invasive species
Adult Harmonia 1.6 0.006 3.6 0.012 1.8 0.018 1.4 0.062
Larval Harmonia 1.3 0.162 0.6 0.700 0.8 0.588 1.8 0.093
unexpected as H. axyridis is known to attack or
displace other predators (Brown 2003).
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Fig. 4. Canonical correspondence analyses (CCA) for (a) Overall species (b) other ladybeetles (c) predators
(d) herbivores in all sites during different months and at different sites, with the environmental variables of temperature
(TempMax and TempMin), rainfall, abundance of adult (adultHarm) and larval (larvalHarm) Harmonia axyridis.
Triangles represent categorical and arrows represent continuous variables.
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